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2.1 Gold nanoparticles (AuNPs) z '
S
2.1.1 Introduction % '-\
-' b 3§

AUNPs have been used in various fieldWy §ed\o its uni@'properties
and numerous surface functionality. Mos(F% her rge\)or usi s§herical AUNPs

(SAUNPS) as it has several advantagechpertiwt? sig&g geometry-related
optoelectronic properties, Iargesi?-vgl%o, su@ biocompatibility, and
low toxicity as reported by Mi l. (20 S jaqet 010) and Wulandari et al.
(2015). Mintz et al. (ZOWatan’et al’ lOg‘§>highlighted among the crucial

physical properties of AUNPS'is thiﬂ Iécn(}g resonance (SPR) and fluorescence
quenching ability \ %
o
Influe@ thigdd e.e!ze‘amund 1 — 100 nm, AuNP exhibits a range of

? @
colour d@ﬁth?s own'inthe absorption peak ranging 500 — 550 nm (Figure 2.1).
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Figure 2.1: UV-Vis spectrum of gold nanoparticle with ac rar'ged in 500-550

nm (Honary et al. (2012
.\d,

N
! _{?
The absorption peak that caused by the collective vibration of (jpn uction eleq?co sfrom
Y
face plasmdiiband. Only

ac?gg,mon band which

ct_wirge, temperature, and

the resonant excitation by the incoming photonsis calle

AUNP with size larger than two nanom{ﬁ hibi
is influenced by the gold geometry, folven , SU acQ
interparticle space in the colloid is‘an chery,
“« Q-
frequency of SPR absorptionM an be r ed m%dgh aggregation of AuNPs
N
that also caused the br eniq of the surfac I?S@and and changing the colour of

colloid from red to blue due intemﬁ Iaéﬂﬁj/coupling (Louis & Pluchery, 2012).

AN
Aside fm@, A

¢
nearby fluorws tjover P
fluorop h thegs bfa) las
A

ump ained using F'c')rste\c);sonance energy transfer (FRET). FRET is a dynamic

Ng mechanism that occurs when the fluorophore is in excited state due to the

d radiative and non-radiative decay of fluorophore are influenced by nanoparticles.

FRET, AuNP acts as an electron acceptor by charging and discharging the AuNP

Olzﬁatija et al.., 2010). The

| posséﬁas the ability to quench fluorescence of
o
pfng(-t} fluorescence emission spectrum of the

ma\band of AuNP. The quenching mechanism of



through redox reaction between AuNP and the fluorophore (Cavalli et al., 2009; Mintz

g
3

2.1.2 Synthesis of gold nanoparticle via trisodium citrate reductionY.

etal., 2018).

The basis of synthesizing AuNP as mentioned by Satiw. (2010) is wet
chemical method using any gold (I11) salts and a reducin ag&?he reducing agent
was used to lower the oxidation state of the gold (I11I) el me@with zero
oxidation state. Trisodium citrate acts as a reducing$agent to the gol II'I) s'ztl.t)\gw'd a
stabilizing agent to control the nanoparticle size growih. Uniqugl as Jatija @‘ (2010)

. o : : : N
mentioned, modifying the reaction parameters, in€ludi

ucing ggent can affect
the geometry of the AuNP, hence usag@\%wwn i
gold.
Synthesizing AuNP sta@ back wh rkewiCh et al. (1951) pioneered

synthesizing monolayer colloidal'geld wi eren@ethods using chloroauric acid
\]T\ AUNR.

e

Ide herical colloidal

-

(HAuUCls) as the mainfprecurser to fo ‘@(evich et al. (1951) reported the

' s
\cﬂ'.@ meth@as measured at 20 + 1.5 nm. AuNP

synthesized AuNP Wri odi|
size also observ&é&g dec
j ‘

!
trisodium cit re decreased. Hmeév?r, the synthesis method reported having

inconsistén |at|og-| MU P@e ranging between 8.1 — 12.5% with particle size
L 9

ranged bBetween 15.1 — 21.5 nms"~
S

\ompared to the findings by Frens (1973), the refined trisodium citrate method

he r(&ﬁi}&k}n temperature and the concentration of

ielded AuNP with 16 — 147 nm in size with decreasing mass of trisodium citrate used
rom 0.01 to 0.0016 g. Frens (1973) also mentioned the rate of reaction increases when
the concentration of trisodium citrate was reduced while using the same parameters used

7



by Turkevich et al. (1951). Colours of the colloidal gold also ranged from orange to
violet due to the changes in size of AuNP, mainly affecting AuUNP with diamew
above 50 nm due to Willis-Tyndall scattering. Even though Frens (197@&!1&%3
method yield even coarser AuUNP, the AuNP produced also irregular an i-spherical

shaped nanoparticles, worsens with AuNP with size bigger than 40 nR

Trisodium citrate method is then further fine-tuned ar et al. (1995),

modified the Turkevich et al. (1951) method with metic rec.a\dﬁec?/ steps to

eliminate the nucleation sites created by impurities on the"surface of reaetien \Q&sel.
J N
Due to the necessary precautionary steps, AUNP ed was measured et»&(e% 11.3
4

—22.6 nm in size, smaller than aforementioned . \ Y’}/

In a more recent study, Xia et@ein 'olra e FrerE(l973) method
by further refining the molar ratio of triso iw Cl_kacn%introducing silver
d’) A
nitrate (AgNO3) and tris(hydroxymeth an}ir%n (Tr_@, as a secondary strong
9 Q—
stabilizer. The optimum molaw trisodi itrate t&‘ﬂAuCh was kept at 4.1 while
N
introducing AgNO3 antTris%lution into t rFa@ mixture. AgNO3z functioned to
tion

increase the redox reac e thu{ |ng' Au* and acetone dicarboxylate at

the early stage of@. N@ Tris@tion provided amino groups to ensure
N
more stable f@hliz st? ?ﬁcoﬂé'l‘fal gold and formed quasi-spherical AuNP
. @,

with unif Q!s With the O\Qh:ent, the AuNPs produced possessed diameter of
‘v’s
18- Ly

N
N e
01: Characteristics of gold nanoparticles

Typical method of validating the presence of AuNPs after the synthesis was
using UV-Vis spectroscopy to observe the SPR band as aforementioned. Changes of
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SPR band were used in different kinds of applications; namely determining the particle

sizes and validating the changing of ligands on the surface of AuNPs. Haiss et alw)

and Tran et al. (2016) utilized the SPR banding changes to determine Iting

AUNPs sizes. Differing from method used by Tran et al. (2016), Haﬂ&al. (2007)

quantitatively determined the particle sizes from the ratio of absorbmlue at peak

maxima of SPR band and absorbance value at 450 nm. SPR emon also used as
&

an indicator to validate the change of ligands on the s f th,a nanoparticles.

Rutherford et al. (2015) took this advantageous characteristic ofpjAu verlfy the
PEGylation of AuNPs was successfully done by com -Vi pf:c _@' both
AuUNPs before and after the PEGylation wa T is M of eRFylng the
successful substitution of ligands also use D och et (200 Dutse et al.
(2017). Their works proved modlfymkaace of wi@wer ligands could
cause the UV-Vis spectra to be Shlf Y ,<\
0 \
.
In another research by ari et ! cﬂ&zt&n has been reported to be

able to bind in different wa ndln’ ont pe tal nanoparticles, in this case
silver nanoparticles (A%wd AuN Cit gn ﬁs. found out to interact with AUNP
and AgNP throu Mdentde b mg on|c bonding, confirmed by Fourier

Transform In w ),s qco

respective tudy of FT1 ectro s

d molecular orbital (MO) calculations,

"c@

showed that carboxylate stretching bands of

)

citrate dlflec( fetal-panoparticles were stabilized, delineated in FTIR

A U
spe\ gure 2.2). N

N

‘@7
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Figure 2.2: FTIR spectra of citrate ion on AuNP and AgNP, p r‘d to trisodium
citrate (Wulandari et al. ( u
L 4
A4
2,
Figure 2.2 displays the citrate ion FTIR sp m boug,d AuNP a@gNP as

the bulk product. Monodentate conformation of the ci \0&\0 AuSPQresulted ina

blue shifting of the carboxylate stretch du

stretching of vs(COQO") was equival nhle N@? tretching of vas(COO). In
Figure 2.3, the stretching of both 530 I on@to AuNP's surface was
identified \ F

identified.

&
X

0 Figure 2.3 displays the plasmon-effective carboxylate stretching bands of citrate

ion on AuNP. The high frequency peak change from the FTIR spectra is attributed to
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the asymmetric stretching vibration mode of citrate ion under the plasmonic effect
influence which according to Wulandari et al. (2015) varies between metal sw
nanoparticles. According to Wulandari et al. (2015), the monodentate con@n of
citrate ion to AuNP was verified by MO measurement, indicating the a ing of only

one oxygen atom from the carboxylate group in citrate ion to the AuNR surface.

N\

Through this analysis, the discovery of citrate ion ation on AuNP's

surface empowers multiple researchers to use the citrate io oduc,z assortments of

their derivatives for various purposes, especially in chemicalbsen rMsens%s.
% | &
<

2.1.4 AuNPs as chemical sensors \,

conducted by Mintz et al. (Zo@rme

carbon dots allows a-L-fucosimF )
to be identified. AFU's%xssay i
nce

a similar working & p
pregnancy test @Au

atoce@ar carcinoma tumour marker,

dy w@}%based on the sandwich principle,

ion(of" HCG in commercially available

this

;@U and carbon dots shown in Figure 2.4.
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-
Figure 2.4: Simplified schematics of detection of A ila Au Pwon dots
(Mintz et al. (2018) *
\
| S
4 X

Y
\ema.tlcs throigh AuNP and

Figure 2.4 shown a condensed AFU identiRation
carbon dots. AuNP acted as a Iinkm@nn
i

antibodies. Carbon dots functionalized With no g_lLti ody worked as a
marker by changing colour due to? det quenching b rster resonance energy

oIeQIes to polyclonal

“ &

transfer. Photon emission at N produce ur o ying intensity related with

the solution concentrati R u. Th# wal h?n o determine the concentration
ser:a i

of AFU in the blood ﬁutrong linear relationship with the

fluorescence pro@ th&@ot sarm@ as claimed by Mintz et al. (2018).

N
\ ¢ ' G(%(’
In the e, reporte chﬁlee}t in in the United States of America can be
N
|dent|f|e% an eyalb_%%S) usi@ recently developed colorimetric and dynamic

light_scattering (DLS) assay b@gd on AuNP. In this study, Khan et al. (2015) used

% propionic acid (MPA) to modify the surface of AuNP produced. By linking
k

t known as N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDC

QCI) and N-hydroxysulfosuccinimide, the cholera antibody was then conjugated to

12



MPA. Figure 2.5 shows the illustration used to detect cholera toxin on AuNP

modification.

- |

Figure 2.5: Schematics of modification of AUNP f($rat X|Mgas§?y

(Khan et al. (2015) N
é | S
s X

The altered AuNPs had monoclonal chow}ﬁ

o
Z
c
<
=8
@
,_.%
=
@
>
c
Z
T

base, bound by MPA, referring to Flgue 2. s stated

monoclonal cholera antibody made tmy hlmk

colorimetric identification assay 'S ﬁh in aggregation level,
which triggered the colour chﬂ om b nd 0 d {&)Iet The improvement in
o th
on B-

aggregation status Was attri unique |den@atlon of the cholera antibody

*

monoclonal to the chol p -stt \qi\l/er one molecule of cholera poison

can only be bonded wi reeln@y-func | AuNPs due to steric hindrance.
The u N c&n? .aAde‘cgJ possible for the identification of tumour

markers b (2@ using appropriate unique antibodies for the

tumou r Tumour markersd.be identified using AuNP for antibody conjugation

a Mj deposition staining in the study conducted out by Gao et al. (2017). The tumour
‘ér?

/

ers used in the work focused on carcinoembryonic antigen (CEA), cryokeratin 19

dgment antigen (CYFRA21-1), neuron-specific enolase (NSE) and dickkopf-1 (DKK-

1). In order to detect the tumour markers, specific antibodies of each tumour marker

13



were combined with AuNP in a dilute polyethylene glycol solution suspended in a
phosphate buffer solution. The assay setup consists of using AuNP with an -
conjugated to bind to the tumour markers and using 2-(N-morpho|ino)et@}fonic
acid, chloroauric acid and hydrogen peroxide as a staining solution fo eposition
to increase the visibility of AUNP bound to the target compound. It¥has been noted,
according to Gao et al. (2017), the assay setup has achieved multiplexity as the AuUNP
can be used to identify all four tumour markers. Relative F&L

y uied assay design

by Clifton and Mountain (1997), it allowed lower sample unts an analytical

X
duration. Since each AuNP was fortified with fom@\ antibodie u[\IF@mour
marker binding rate was significantly higher t rd% t a@l?), and

tion as

Wu and Qu (2015) for typical biomarker d s&ﬂ. amplél;%n was also

greatly improved by the gold depos\%ﬂng, whi reat@ ntributed to the

efficiency of identification. ‘$) o>\y? §
e
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2.2 Microfluidic paper-based analytical device (uPAD)

2.2.1 Introduction

UPAD is an expository tool designed to use liquid actions, high-precisk)n control

\Y'

and manipulation to provide a robust, low-cost and easy-to-use medigal diagnostics

device that typically consist of a sequence of hydrophilic celvavused to direct the

liquid via imbibition from the inlet to the outlet.

v o

inlet

barrier

~ N

A

)
13

@ — —— outlet

5o 3

@

ions of UPAD irilet, gk;gﬁlel,

In the plan point of view, there are four crucia
barrier, and outlet as displayed in Figure 2.6. 2

NV
X~

N

croflﬂ?’é paper-based analytical device

NN
w d sam @ed into the inlet, a hydrophilic area made up of

ubstratum. The sam&?’is then transferred via imbibition through the sub-

m\er hydrophilic channel to direct the liquid throughout the device. To avoid the

le from escaping the channel by diffusion, the channel is protected with a

ydrophobic barrier typically from wax, hydrophobic or photoresist polymer,



dependent on the pPAD production techniques. Subsequently, a corresponding

chemical or biochemical sensor placed in the outlet region for analytical purpOS@Y'

2.2.2 Applications of uPADs %

uPADs are commonly used as a point-of-care test (POCT) in the medical field.
POCT is also regarded as a bedside examination, described as sym%matic clinical

test done at the patient's time and area of treatment. This ith conventional

medical diagnostic work carried out to obtain the patien isto ‘1at requires the

sample sent to the designated clinical laboratory to he analysed ?Ekad&ongzﬁme
. | LS

to complete. Therefore, it is progressively prefer o POC uPADs as it is
s r

ts anﬁorders of the

&

conte nd [@nancy. Table 2.1

thriving as pPADs have been used to difn ario
Se

body, including tumour growth, bIoM

P
describes the utilizations of pPA dica . 0}&
? (|



Table 2.1: Applications of uPADs in medical field (Shah et al. (2013))

Applications Analytes Platform Detection method

General health Glucose, cholesterol, uPAD CD, ECD, CLD i

diagnostics lactate \
Uric acid, ascorbic acid, LFS CD, ECD %
human chorionic pPAD CD, ECD, C\ﬂ\

gonadotropin

Nitrile, ketones, ABO uPAD CD
antigens, proteins
(BSA) V
H-1gG, R-1gG, H-IgM  uPAD C

LFS
Cancer diagnostics  Prostate specific uPAD
antigen,
carcinoembryonic LFS

antigen, a-fetoprotein,
circulating tumour cell,
CA125, CA199

Disease diagnostics  Phosphorylated LFS
acetylcholinesterase,

human heart-type fatty N

acid-binding  protein, “\

genetic disease (nucl\ O

acid

Nicotinamide i uPAD \T I@ochemiluminescence
etec

dinucleotide _ g ion
CD: Colorimetric detection; ECD: E semiluminescence detection; H-

ion; GLD: @gﬁ
IgG: Human IgG; H-IgM: Human I& : Later strip; RIA‘{Q/ abbit 1gG

N
Table 2.1 sumn‘ed ::Bce vari‘us uses bf@Ds within the medical field in
ite the fa

4 b 4
different sectors. D& \Ehat\ ADs@ e been shown to be effective as a
commonly use@
#

developed as number o

2

stie”devi <QﬁADs themselves are expected to be

!
s&rc&%@ constantly review uPAD's potential.
N

d ;on toft jof ul%{& as a point-of-care test in the medical field, the

use AAD often applies to«é?l’ronmental monitoring as the output area of uPADs
ca? ide colorimetric sensing site by using the correct sensor. The pPADs were used

Q research conducted by Cate et al. (2014) to detect the presence of transition metals
n

welding fumes as an effort to reduce dangers and health risks for staff. There was a
concern because the employees were not tested routinely for their susceptibility to the

17



particulate matter from the welding fumes. As indicated by Cate et al. (2014), routine
checking and monitoring was conducted with a small representative of the wi Vme
in order to reduce the expense and effort put into the monitoring, Iea@ rest
unchecked. As a result, a minimal-cost yPAD was developed t re acid-
extractable metals and confirmed independently using inductivelyYuT)led plasma-
optical emission spectroscopy (ICP-OES) analysis. Cate et al. (2 produced uPAD
to quantify iron, copper, nickel and chromium levels by c Y; a,1aly3|s Each of
four metal forms was obtained from several small air samjpling filter ated usmg
microwave-assisted acid digestion, accompanied by lization be 'e &@aded
on the uPAD. Table 2.2 shows the results of th of etals_inr observed
{\T

<<

é

Table 2.2: Analysis results of tra metals pre tin w@dlng fumes (Cate et al.

(20f 4)) “ é—
Linear response
Analytes Pre-treat ' enso
Y 5 (ug)
Iron 1,10-phenanthroline R h ferroin 1.1-10
2 ex [Fe(phen)s]?*

Nickel Acetic agi 9&4@ enta complex 1-10

Ne I th
Copper & Bathocuproine 15-8

imn

dimethylglyoxime
NG
Chromium er|c IV)a &{)W 1,5-diphenylcarbazide 0.15-6
(ﬁ t

welding fumes using the yPAD produced

_.ﬂ

and phthalic

polydiallyldimethylanfmonium  anhydride in acetone
chlotide TN
Fo/r =
X
N
$

g to Cate et al. (2014), the direct response produced for iron was sufficient for

: pational hazard exposure assessment as required by Occupational Safety and
e

alth Administration (OSHA), but other transition metals were below the detection

limit.



Numerous scientists have developed novelty compounds with expended
selectivity and sensitivity, apart from using established chemicals as sensors forw.
Nanoparticles are among the highly sought-after compounds that are corr@B with
UPAD in this situation. In Thailand, the use of silver nanoparticles ( on uPAD
was led by a group of researchers via colorimetric detection of copm ion (Cu?").
According to Ratnarathorn et al. (2012), the AgNP used h Maltered by self-
assembly of aminothiol compounds on the AgNP surface ko-cy'teine (Hey) and
dithreitol (DTT) and incubated at room temperature for our: Tw:int AgNP
inity to metal jons, iﬁa(m by
in HCK,I%'T-AQNP

i Hcy a@&ing to Smith
er@%idered to be the

first investigation utilizing nanose%vith &d&ﬂ st@\’ing the feasibility of

using other sensors based on n

on pPAD. Numerous studies_a

Ratnarathorn et al. (ZO%C i
Tseng et %ﬁﬂ) used a

in another ana Ming PAD:

on Jire%n s:oji
S
S
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Figure 2.7: Jaffé reaction of creatinine and picric acid in |I; meiiium (Randviir

et al. (2013)) '\d
N4

[ ]
_ _ | | S
Figure 2.7 explains the Jaffé process, ch mvc:lv J ovsk§~ mplex
en

production from the creatinine and picric acidf reacti \EQ g zgag Janovsky

complex showed a different yellow- col Win ity Qa was linearly

proportional to the amount of creaEirht e\wj.

complementary metal oxide sen:% r (g er@capture the image of the
“« Q-

output area on the uPAD to w the C ntensityv/of the generated Janovsky

\
complex on the uPAD, then gnsferre, the 1 alge@’i-Fi using Arduino D1 Wi-Fi
stomi lication t

to a cell phone with cu cf'cctwlate the creatinine concentration in

d ap%
the sample. Tsen@m !Isof ured D-uPAD and the instrument produced
N
was a signifi@hpro emen Pl pre;gcﬂ.ls creatinine detection by being flexible,

prudent, s@ﬁectio range f; stééfsis duration, lower sample size, and no pre-
4
re

preparati (ﬂjiredYT seng et al. (2018) also included the effectiveness

creatinine
picric acid

serlg\QaI. (2018) used a

treat t
Q S
of%)r posed creatinine d%ction system as serum tests and blood testing were

ted with R? values of 0.9993 and 0.9920, respectively. The device was

O\Sidered fit for medical application and point-of-care research with these tests.



2.3 Human chorionic gonadotropin

2.3.1 Introduction (ﬁ

Blood and urine as described by McPherson and Pincus (2017) are common

sources of HCG screening in the field of identification of H%;ntially, HCG

immunoassay used the concept of sandwich principle, Wherr?bo ies are labelled
with HCG, i.e. enzyme or luminescent dye. The commo |Iabl(‘ pregnancy test
device incorporates the same mechanism on lateral flow strips as hMoba on

g N
the principle used. Otherwise known as a type of atographig i n asé& urine
4

Y
testing was stated to have a detection limit OYLO*’ x% ppm?'t:_ut it differs

significantly dependent on the brands OCM pa ntion@y Vaitukaitis

&
(2004). True findings can be obtained N

e in'the morning to assess

the firs

~t

S
. . \rx =
conception in earlier stages using stin t 8@”9'5 most concentrated
? @
urine can further improve thete uality=In thelretros , it is not desirable to use
watered down urine for test e the am of H@in the urine do not reflect the

A
concentration of HCG% lood. sThe S?hzi, st its accuracy because of using

diluted urine and&?@lt inB
is the serum tiw serym is ' d f&@)\/enous blood and used approximately 2 —

utcom nother form of measurement of HCG

ists of cfhgmiluminescent or fluorometric immunoassay

4 ml of bl
ml o b% \-\;\\
to recogni CG {u t At 3x ppm. Serum test triumphs over serum test urine

N
all\ rate quantification CG level.

N



2.3.2 Structure of HCG
Structural-wise, Cole (2015) described HCG as a large heterodimeric 23

acid glycoprotein, weighing at 36.7 kDa. HCG is a dimeric molecule as )—@}lsists
of two subunits, a-HCG comparable to luteinizing hormone, folﬂt;qjmulating
hormone, and thyroid-stimulating hormone, whereas B-HCG is the HW)eciﬁc main
subunit. a-HCG has two side chains with N-linked oligosacc Moth side chains
are connected to 52" and 78" unit amino acid residues. M rme are 145 amino
acids in B-HCG. The B-subunit's huge structure is not he alo w‘bm@ by

bridges of disulfide. It also has two N-linked oligo aride side ids@d to

amino acid residues at the 13" and 30" positionss lca% _cdunterpdft. B-HCG

Nim m <--n.--.-.-u 0
mckﬁ 1mn <...--|- PLLLLLLLL
Large free o <

Non-nicked hCG <s+»rss=ss:+

w
= #
o 4 B-core fragment
= g
k-]
N
g A

Figure 2.8: Representation of structures of HCG with its related subunits and
metabolites in the placenta, blood, and urine (Cole (1997))
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Figure 2.8 demonstrates the configurations of HCG in placenta, blood and urine
with its associated subunits and metabolites. The dense lines are the c
polypeptides, labelled to show the number of amino acids in the chain of ;ﬁ% ides.
The thin lines that cross the polypeptide chain are the molecule's ide bonds.
Following amino acid configurations, subunit complexes foldedy following the
disulphide bonds within the subunits as per Lapthorn et al. ( QWd Morgan et al.
(1975). HCG nicking, which exists only on the B-HC 'Yl;e on studies by

Kardana et al. (1991), and the B-subunit structure is ce do B.ﬂ‘keqdal. (1988)
23

T
study. On the polypeptide chain, N-and O-Iinked@xcharid sa is')lz‘a@'by N
and O respectively. Dotted arrows indicate the? a, m{ yste@-(?md urine
that molecules flow into. The thick arrows% th@?- 'S niq@%issociaﬁng
- &
and decaying course. \ O
\T Y
2.3.3  Applications in medical fi $
4]
Apart from its use to a& regnaney i rﬁ‘en\f@&ding to the report by the

n
American Cancer Society , Hcf wasyalso p d to as a tumour marker for

!
various types of ailm%n female G disCharge is linked with gestational

trophoblastic dise M)didgno\,mclu ing choriocarcinoma, mole hydatidiform,

&

and tumour Ncel s. Hi el oé)Q—RZG indicates physiological oddity in the
‘Y2

0 a/
female re@' e syste rtic@ly if the woman is not pregnant. GTD
' Wz"ye

(&

g,

lagnosis asizes the presence of HCG in the blood but also
- - - N -

Ivic examination to@ externally checked for any abnormal growth in the

ctive organ. Imaging diagnosis such as ultrasonography, x-ray scanning,

puted tomography scan (CT scan), and magnetic resonance imaging (MRI) were

used to monitor and track tumour growth during diagnosis and treatment itself. GTD

treatment includes two options; surgery or chemotherapy. GTD treatment surgery may

23



be either dilation and curettage (D&C) procedure or tumour expulsion hysterectomy.

Hysterectomy implies complete uterine extraction, which effectively sterili

~—+

individual in return for thoroughly treated from GTD. However, D&C a&}(es I
possible the patient to be pregnant as D&C removes only the endom wall with
the tumour, and intravenously administers oxytocin to drain out of trwiual tissues.
Another approach for GTD, as stated by Tidy and Hancock (2010)¥is chemotherapy
and radiotherapy, where chemotherapy requires m %ir}take, such as
methotrexate and dactinomycin. The medications work t ar th d.e\ﬁulda‘l cell that

spread around the body. Radiotherapy also Kills the r cell whi ti'iz@clear

radiation. During the follow-up and post-operati ion, te ing Q&'ical staff

will re-evaluate the level of HCG in the blow sureﬁ deCrease ir@e.vel of HCG
; &
in the blood. \ ®)

June
Although men do not pro Gg Id r}iﬁbe able to get pregnant,
k4]
i in FP)&(&tumour cells of testicular

HCG was also produced alon& -fetop

cancer. Public classification icular caneer’in t parate classes; seminoma and
' O
nonseminoma. Seminoma IS'a gro moug in all age groups, particularly in

elderly people, an m;seve‘e tha onsem%bma. While, nonseminoma tumour is a

tumour devel thatiappears\to aris
occur in tumour v?ri ies.

lumps by Cll':li eﬁamiwon, and ultrasonography aided in the visual
N
id ﬁéon of the tumour Y';E% Treatment of testicular cancer typically requires

irrespective of whether the compromised testicle or retroperitoneal lymph node

ojuld also be extracted to avoid tumour spread. According to the National Cancer

Institute (2018), radiotherapy is also used in the diagnosis of testicular cancer, which

@e early ages, propagate more rapidly, and
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ticular cancer diagnosed by identifying any
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uses high-energy, high-precision radiation from radioactive isotopes on tumour cells.

Chemotherapy used as a subsequent treatment with prescribed medication to

any moving cancer cell in the body. In any circumstance, radiotherapy and @n are
always be a risk of sterilization and accursed side effects. The key purpﬂ&lhis study

is therefore to achieve the combination of pPAD and AuNP-basedyHCG sensor to

provide rapid identification of HCG apart from contributing Qmire ncy monitoring

and tumour detection.
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